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Marine Ascomycota (Pichia sp and Candida sp) extracts were evaluated for their antioxidant activities. Different 
antioxidant assays were employed, namely, free radical scavenging, chelating activity on Fe
2+
, reducing power 
activity, superoxide and hydroxyl radical scavenging activities. The polyphenols including total phenols, 
flavonoids, β-carotene and lycopene were investigated. The results were compared with natural and synthetic 
antioxidants include ascorbic acid, catechin, butylated hydroxytoluene (BHT), ethylenediaminetraacetic acid 
(EDTA) and quercetin. Pichia extract exhibited a strong free radical scavenging of EC50 value of 0.15 ± 0.01 
µg/ml, chelating activity on Fe
2+
 with EC50 value of 58 ± 5.2 µg/ml, reducing power with EC50 value of 71.2 ± 3 
µg/ml, hydroxyl radical scavenging activity with EC50 value of 243.84 ± 3.2 µg/ml and superoxide radical 
scavenging activity with EC50 value of 52.2 ± 1.4 µg/ml. The study showed that Pichia extract exhibited a potent 
antioxidant activity in all assays; suggesting that strain could be helpful in preventing or slowing the progress 
of various oxidative stress-induced diseases. 
 





Free radicals such as reactive oxygen species (ROS) 
hydroxyl radical, superoxide anion radical are highly 
reactive chemicals molecules that are by-products of 
mitochondria that catalyzed electron transport reactions 
and other mechanisms. They can be generated during 
irradiation by UV light, by X-rays and by gamma rays 
(Hussein 2011). They are products of metal-catalyzed 
reactions, and they are present as pollutants in the 
atmosphere from cigarette, smoke, automobile exhaust 
and are produced by neutrophils and macrophages 
during inflammation (Othman et al., 2005). ROS at higher 
concentration are important mediators that cause 
damage to cell structures, including lipids and 
membranes, proteins and nucleic acids (termed oxidative 
stress) which results into diseases such as cancer, 
ulcers, heart disease, stroke, diabetes, rheumatoid, 
arthritis and aging (Ramakrishna et al., 2012). The 
harmful effects of ROS are balanced by the antioxidant 
action of non-enzymatic antioxidants in addition to 
antioxidant enzymes. Antioxidant can terminate or retard 
the oxidation process by scavenging free radicals/ROS. 
They are considered as possible protection agents for 
reducing oxidative damage of human body from ROS and 
retard the progress of many chronic diseases as well as 
lipid peroxidation (Mandal et al., 2009).  
Antioxidants such as superoxide dismutase and 
catalase that are found in the body of living organisms 
eliminate the effects of ROS, but they are insufficient to 
prevent the damage entirely (Asatian et al., 2007). This 
occurs when the balance is shifted towards more ROS 
production, which leads to oxidative stress that results 
into oxidative stress-related diseases. Applications of 
antioxidants are increasing due to their multiples roles in 
removing harmful effects of oxidative stress. Most of 
these antioxidants are phenolic, (e.g. flavonoids) and 
have chelating ability (Pitchaon et al., 2007). This 
necessitates the demand for the development of new 
antioxidants from natural source as synthetic antioxidants 
have shown side effects (Maisuthisakul et al., 2007). 
Despite the fact that fungi are capable of producing 
compounds with various biological activities such as 
anticancer, antioxidant and antibiotic (Lavitschka et al., 
2007; Jacobson et al., 1995) little of their biodiversity has 





particularly from marine environment (Bhadury et al., 
2006). It is recently that fungal biodiversity has begun to 
be recognized as a likely source of potentially new 
biologically active secondary metabolites (Smith and 
Ryan, 2009; Strader et al., 2011). However, owing to the 
environmental concerns associated with harvesting of 
non-fruit plant parts such as leaves and whole plant, 
there is an increasing interest in microbial community 
such as marine fungi. 
There is surprisingly, very little literary information 
available on the production of antioxidants by Tanzanian 
marine fungi (Masalu et al., 2011). This study 
endeavored to screen production of antioxidants capacity 
focusing on radical scavenging ability and phenolic 
contents of the fungi from marine environment. 
 
 
MATERIALS AND METHODS 
 
Isolation of fungi 
 
Pichia and Candida sp isolated from mangrove 
sediments were inoculated into separate Erlenmeyer 
flasks, which contained 1 l of malt extract broth. Both 
flasks were then placed on a shaker with 100 rpm, for 24 
h, at room temperature, allowing optimal equally 
distributed growth. The cultures were then removed from 
the shaker and placed on a bench at room temperature 
for 6 days, totaling a 7 day cultivation process. 
 
Preparation of fungal crude extracts 
 
Pichia and Candida, subsequently, the desired secondary 
metabolites were obtained by liquid-liquid extraction 
method with ethyl acetate as the organic solvent. Ethyl 
acetate extracts the non-polar metabolites from the 
cultured broth in a 1:1 ratio. The collected supernatant 
was then concentrated on a rotary evaporator (Laborota 
4001, Heidolph®) Essex Scientific laboratory suppliers 
Ltd with the bath maintained at 40°C with 90 rpm (Owen 
et al., 2000). Once the entire liter of broth completed the 
above process, the crude extract was dried in a 
desiccators overnight and crude extracts were placed in a 






picrylhydrazyl) (DPPH) spectrophotometric assay 
 
The scavenging activity was estimated according to the 
method of Molyneux (2004). Yeast extracts were studied 
on the ability to scavenge DPPH radicals. Test extracts (2 
ml) in ethanol with concentrations (20, 40, 60, 80, 100, 
500 and 1000 µg/ml) were mixed with 1 ml of 0.1 mM 
DPPH in ethanol. The mixture was then shaken  




vigorously at room temperature in a dark room. 
Absorbance was read immediately at 0 minute using a 
spectrophotometer at 517 nm and thereafter after 30 min 
of reaction. Ascorbic acid was used as a standard 
control. The scavenging effect on of the DPPH radical 
was calculated using the following equation: 
 
  100 *
517nmat  control of Absorbance
517nmat  sample of Absorbance








EC50 value was determined from plotted graph of 
scavenging activity against the concentration of extracts, 
which is defined as the total antioxidant necessary to 
decrease the initial DPPH radical concentration by 50%. 
Duplicate measurements were carried out and their 
average scavenging activity was calculated based on the 




The total phenolic content in each extract was 
determined using the Folin-Ciocalteu colorimetric method 
(Singleton et al., 1999). Each 0.1 g of concentrated 
extract was diluted with 5 ml of methanol. 200 µl of the 
mushroom extract was transferred into a test tube then 
mixed thoroughly with 1 ml of Folin-Ciocalteau reagent. 
After 3 min, 0.8 ml of 7.5% (w/v) Sodium carbonate was 
added to the mixture. The mixture was agitated for further 
30 min in the dark and centrifuged at 3300 g for 5 min. 
The absorbance was measured at 765 nm using 
spectrophotometer (Uv-Vis model 6305 Jenway UK). The 
total phenolic content of the extract was expressed as 
milligram of gallic acid equivalent per 100 g weight of 





The total flavonoid was determined with aluminium 
chloride according to Jaita et al. (2010), using quercetin 
as standard. 1 ml of each extract was diluted with 4.3 ml 
of 80% aqueous ethanol containing 0.1 ml of 10% 
Aluminum nitrate and 0.1 ml of 1M aqueous potassium 
acetate. After 40 min incubation at room temperature the 
absorbance was determined calorimetrically at 415 nm 
using spectrophotometer Uv-vis model 6305 Jenway UK. 
Total flavonoid concentration was calculated using 
quercetin standard calibration curve. Data were 
expressed as quercetin equivalent/100g of fungi 
extracted. 
 
Determination of ß-carotene and lycopene  
 
The assay was carried out according to the method of 
Nagata and Yamashita (1992). The yeast extract (100 
mg) was shaken with 10 ml of acetone-hexane mixture 
92:3) for 1 min. and filtered through  Whatman  number  4  




filter paper. The absorbance of the filtrate was measured 
at 453, 505 and 663 nm. The ß-carotene and Lycopene 
content were calculated as:  
 
Lycopene mg/100mg = 0.0458 A663 + 0.372 A505 − 
0.0806 A453 
 ß-carotene mg/100mg = 0.216 A663−0.304A 505 + 
0.452A 45 
 
Metal ion chelating ability 
 
The test was based on the capacity to decolorize the 
iron-ferrozine complex with extracts. Ferrozine is a 
substance which can quickly act on iron to form a 
coloured complex. This test was done by adding 0.4 ml of 
extract, 1.6 ml deionized water and 0.05 ml of FeCl2 (2 
mM). After 30 s, 0.1 ml ferrozine (5 mM) was added in it. 
After 10 min at room temperature, the absorbance of the 
complex was measured at 562 nm spectrophotometically. 
 
Calculation: Chelating rate (%) = A0 – A1 /A0 x 100  
 
where A0 was the absorbance of the control (blank 
without extract) and A1 was the absorbance in the 
present of the extract. Then EC50 value was calculated 
from the formula on the graph. 
 
Hydroxyl and superoxide radical scavenging 
 
Hydroxyl radicals were generated by a Fenton reaction 
(Fe
3+
- ascorbate-EDTA-H2O2 system). The scavenging 
capacity of the crude extract towards the hydroxyl 
radicals was measured by using deoxyribose method 
(Zivkovic, et al., 2010). The reaction mixture contained 2-
deoxy-2-ribose (2.8 mM), phosphate buffer (0.1 mM, pH 
7.4), ferric chloride (20 μM), EDTA (100 μM), hydrogen 
peroxide (500 μM), ascorbic acid (100 μM) and various 
concentrations (10-1000 μg/ml) of the crude extracts in a 
final volume of 1 ml. The mixture was incubated for 1 h at 
37°C. After the incubation an aliquot of the reaction 
mixture (0.8 ml) was added to 2.8% trichloroacetic acid 
(TCA) solution (1.5 ml), followed by thiobarbituric acid 
(TBA) solution (1% in 50 mM sodium hydroxide, 1 ml) 
and sodium dodecyl sulphate (0.2 ml). The mixture was 
then heated (20 min at 90°C) to develop the colour. After 
cooling, the absorbance was measured at 532 nm 
against an appropriate blank solution. The percentage of 
inhibition was expressed, according to the following 
equation: (%) = [A0 − (A1 − A2)]/A0 × 100, where: A0 is the 
absorbance of the control without the extract, A1 is the 
absorbance in the presence of the extract and 
deoxyribose and A2 is the absorbance of the extract 
without deoxyribose. Superoxide radical scavenging 
assay was generated from the photo reduction of 
riboflavin detected by NBT reduction. The reaction 
mixture contained EDTA (0.1 M), 0.0015% NaCN, 





mM) and various concentrations of extract and phosphate 
buffer (67 mM, pH 7.8) in a total volume of 3 ml. The 
tubes were uniformly illuminated for 15 min and optical 
density was measured at 530 nm before and after the 
illumination. The percentage inhibition was calculated by 
using previous equation. 
 
Reducing power assay 
 
Ferric reducing antioxidant power (FRAP) assay was 
determined based on the reduction of Fe
3+
- in 40 mmol/l 
HCl 2,4,6-tripyridyl-s-triazine (TPTZ) to a blue coloured 
Fe
2+
 TPTZ by ascomycete extracts (Benzie and Strain, 
1996). Absorbance was measured at 593 nm. The FRAP 
value was calculated using the equation described by 
Benzie and Strain (1996). In the FRAP assay, the 
reducing power of ascomycete extract was determined 
from a standard curve plotted using aqueous solution of 







picrylhydrazyl) (DPPH) spectrophotometric assay 
 
Results showed higher scavenging capacity of DPPH 
radical by Pichia sp than Candida sp with EC50 0.15 ± 
0.01 and 0.35 ± 0.01µg/ml, respectively (Figure 1 and 
Table 1). 
 
Determination of total phenols, flavonoids, β-
Carotene, lycopene 
 
The results showed higher amount of total phenols, 
flavonoids, β-Carotene and lycopene in Pichia sp than 
candida sp (Table 2).  
 
Determination of chelating ability, hydroxyl radical 
scavenging, superoxide radical scavenging and 
reducing power 
 
Pichia strain revealed higher chelating ability of ferrous 
ion, hydroxyl radical scavenging, superoxide radical 
scavenging and reducing power. The results are shown 
in EC50 values which defined as concentration which 
scavenge 50% of the initial substrate (Table 3). The 





The present study has shown that crude extracts from 
Pichia and Candida species isolated from marine 
environment have antioxidant potentials. The antioxidant 
activities were evaluated through DPPH scavenging  




Table 1. EC50 values of Pichia and Candida 
extracts showing antioxidant potential. 
 
Pichia sp EC50       0.15 ± 0.01 
Candida sp EC50     0.35 ± 0.01 
Control EC50    0.09 ± 0.005 
 











Table 2. Total phenols, flavonoids, β-Carotene, lycopene. 
  
Parameter Pichia sp Candida sp 
Total phenols mg/100g (gallic acid equivalent) 981.45 ± 8.273 455.9±27.29 
Total Flavonoids (quercetin Equivalent) 54.355 ±3.104 30.745±0.742 
β-Carotene  (mg/100g) 14.16 ±0.269 11.35±0.014 
Lycopene (mg/100g) 9.505 ±0.233 6.435±0.247 
 




Table 3. Chelating ability, Hydroxyl radical scavenging, Superoxide radical 
scavenging and Reducing power of Pichia and Candida sp. 
 
Parameter Pichia sp Candida sp 
Antiradical activity (AU515) 0.118 ± 0.004 0.071±0.006 
Chelating ability of ferrous ion (EC50 µg/ml) 58.045 ±7.205 71.65±6.04 
Hydroxyl radical scavenging (EC50 µg/ml) 243.835 ±3.217 679.4±2.475 
Superoxide radical scavenging (EC50 µg/ml) 52.18 ±1.358 116.41±6.01 
Reducing power assay (EC50 µg/ml) 71.235 ±2.864 97.68±4.851 
 




ability, metal ions chelating ability, hydroxyl radical 
scavenging ability, superoxide radical scavenging ability 
and reducing power assay. Major group associated with 
antioxidant potentials including (total phenols, flavonoids, 
B-carotene and lycopene) were also evaluated. DPPH 
used as a substrate to evaluate anti oxidative  activity  of  




Table 4. EC50 values of various control. 
  
Parameter Control Mean±SD 
Chelating ability of ferrous ion (EC50 µg/ml EDTA 62.69 ± 6.322 
Hydroxyl radical scavenging EC50 µg/ml Catechin 752.855± 14.57 
Superoxide radical scavenging EC50 µg/ml Ascorbic acid 54.64 ± 0.75 
Reducing power assay EC50 µg/ml Ascorbic acid 74.92 ± 0.424 
 




antioxidant by assessing the ability of the extract to 
donate hydrogen (Mandal et al., 2009). Results showed 
that the extracts were able to reduce the stable radical 
DPPH to the yellow colored diphenyl picrylhydrazine. It 
has been found that gluthione, tocopherol, polyhydroxyl 
aromatic compound reduce DPPH by their hydrogen 
donating ability (Pandey and Rizui, 2009). The study 
determined the extract concentrations that decrease the 
initial DPPH radical by 50% (EC50), which used to 
evaluate the antiradical activity. The EC50 were 0.15 ± 
0.01 and 0.35 ± 0.01 for Pichia sp and Candida sp. Pichia 
strain showed higher antiradical activity which was 
comparable with that of standard antioxidant (2,6-dibutly-
4 methyl phenol, BHT) Figure 1 and Table 1. DPPH free 
radical scavenging activity suggests that, extract tested 
have potent antioxidant property of scavenging free 
radicals such as ROS. Therefore, extracts might be 
helpful in preventing or slowing the progress of various 
oxidative stress-induced diseases (Bartoccli, 2007).  
The higher scavenging ability of Pichia extract is 
attributed due to the presence of higher amount of total 
phenols, flavonoid compounds, β-carotene and lycopene 
(Table 2). Phenolic and flavonoid compounds are known 
to have bioactivity potentials (Ramesh and Patar, 2010).. 
Previous it has been observed that phenolic compounds 
play an important role in cancer prevention and treatment 
(Glod et al., 2011). The antioxidant properties of both 
phenolic and flavonoid compounds are based on their 
phenolic structures. They are capable of regenerating 
endogenous α-tocopherol in the phospholipids bi-layer 
back to its active antioxidant form. They are also known 
to inhibit various types of oxidizing enzyme (Toyoyz and 
Briones, 2011). The position and degree of hydroxylation 
of phenolic compounds especially in the β-ring play a 
major role in scavenging hydroxyl radicals resulting into 
antioxidant activity (Olabinri et al., 2010). β-carotene has 
been shown to inhibit the expression of anti-apoptotic 
protein Bcl-2 in cancer cells, therefore reducing growth of 
cancer cells (Swaran, 2009). Lycopene has been shown 
to inhibit cell cycle progression in breast, lung and 
prostate cell lines (Mandal et al., 2009).The antioxidant 
activity of carotenoids arises primarily as a consequence 
of the ability of the conjugated double-bonded structure to 
delocalize unpaired electrons (Lipinsk, 2011). This is 
primarily responsible for the excellent ability of α-carotene 
to physically quench singlet oxygen without degradation, 
and for the chemical reactivity of α-carotene with free 
radicals such as the peroxyl (ROO•), hydroxyl (•OH) and 
superoxide radicals (O
2-
) (Pandey and Rizui, 2009). 
Antioxidant activities observed in this study might have 
been contributed by these groups of compounds. 
Potential mechanisms of antioxidant action make the 
diverse groups of phenolic compounds an interesting 
target in the search for health beneficial; hence the 
isolation of active compounds from these yeast extracts 
is inevitable.  
Chelating ability is of great signifance because it has 
been proposed that the transition metal ions contribute to 
the oxidative damage in neurodegenerative disorders like 
Alzheimers and Parkinson’s diseases and one of the 
treatments currently under exploration is selective low 
affinity binding of transition metals (Chandran et al., 
2013; Aparadh et al., 2012). The results revealed higher 
chelating ability of ferrous ion of EC50 58.05 µg/ml in 
Pichia extract, which was higher than that of control 
EDTA (Table 3), suggesting that the antioxidant action of 
phenolic compound is due to their high tendency to 
chelate metals (Braca et al., 2002). It has been observed 
that, the main strategy to avoid ROS generation that is 
associated with redox active metal catalysis involves 
chelating of the metal ions (Power et al., 2012). Therefore 
extract which exhibit a chelate activity in vitro, it can be of 
therapeutic potential in the treatment of disease. 
Reducing power measures the electron – donating 
capacity of an antioxidant. Presence of reducers causes 
the conversion of the Fe3+/ ferricyanide complex to the 
ferrous form which serves as a significant indicator of 
antioxidant capability (Aparadh et al., 2012). The study 
obtained higher reducing power in Pichia extract EC50 
71.24 µg/ml than control ascorbic acid (Tables 3 and 4). 
Reducing power could react with free radicals, converting 
them to more stable product and terminate chain 
reaction. It has been used as one of the antioxidant 
capability indicators. It serves as a hydrogen donor for α-
tocopherol radical, thus generating α-tocopherol a key 
element of redox balance in biosystem (Ramakrishna et 
al., 2012). This revealed the reductive potential of Pichia 
extract, indicating it as effective scavengers of ROS 
especially the hydroxyl radical. 
Pichia extract show higher hydroxyl and superoxide 
radical scavenging activities than controls synthetic 
antioxidant and (catechin) and ascorbic acid (Tables 3 
and 4). Of all the reactive oxygen species (ROS), the 





and physiologically harmful (Toyoyz and Briones, 2011). 
The ability to scavenge hydroxyl shows that extract 
contain potential compound that have high reducing 
power. This paves a way for possible therapeutic 
application of the extract. Previous it has been shown 
that clinical trials with synthetic antioxidant such as 
ascorbic acid failed to produce expected beneficial 
(Lipinsk, 2011). 
The low antioxidant activities observed in Candida 
extract in this study might be attributed by its water 
insoluble property. Number of non-enzymatic antioxidants 
works best in soluble form (Swaran, 2009), the extract 
had less solubility in water only soluble with organic 
solvent. In future boiling extraction is needed and also 
extraction using other organic solvent like ethanol may be 
should solve the problem. 
All the information observed from different antioxidant 
assays support differently in scavenging free radical ions. 
The results observed that scavenging ability is species 
dependent which also concur with the previous studies 





Antioxidant activities are useful in unraveling bioactivity of 
the extract. Proper exploitation of Pichia sp and Candida 
sp can lead into useful compound to combat oxidative 
stresses problems. However crude extracts alone cannot 
rule out the possibility of synergistic interaction between 
compounds that could cause a marked increase in 
antioxidant. Therefore bioassay- guided isolation and 





I wish to express my sincerely gratitude to Western 
Indian Ocean Marine Association, under marine research 
grant programme 1, (MARG 1) for financial support 
without it this work would have been impossible. I would 
also want to thank the head of department of molecular 
biology and Biotechnology University of Dar es Salaam 
for the authorization of the departmental equipment. 
Finally i wish to recognize the valuable technical 
assistance by Charles Kweyunga of the Department of 
Botany and Prosper Raymond, department of molecular 





Adefegha SA, Oboth G (2011). Cooking enhances the antioxidant 
properties of some tropical green leafy vegetables. Afr. J. Biotechnol., 
10(4): 632-639. 
Aparadh VT, Naik VV, Karadge BA (2012). Antioxidant properties (TPC, 
FRAP, METAL CHELATING, REDUCING POWER and TAC) with 
some cleome species. ANNALI DI BOTANICA., 2: 49-56. 
Bartoccli J, Dobersck U, Jamnick M, Golob T (2007). Evaluation of the 




phenolic content, antioxidant activity and colour of Slovenian honey. 
Food Chem., 105: 822 – 828. 
Benzie IFF, Strain JJ (1996). Ferric reducing ability of plasma (FRAP) 
as a measure of antioxidant power: The FRAP assay Anal. Biochem., 
239:70-76 
Bhadury P, Mohammmad TB, Wright PC (2006). The current status of 
natural products from marine fungi and their potential as anti-infective 
agents. J. Ind. Microbiol. Biotechnol., 33: 325-337 
Braca A, Sortino C, Politi M, Morelli I, Mendez J (2002). Antioxidant 
activity of flavonoids from licania licaniaeflora. J. Ethnopharmacol., 
79: 379-381. 
Chandran PR, Vysakhi  MV, Manju S, Kannan M, Kader A,  
Sreekumaran NA (2013). In vitro free radical scavenging activity of 
aqueous and methanolic leaf extract of aegle tamilnadensis Abdul 
kader (Rutaceae). Int. J. Pharm. Pharm. Sci., 5(3): 819-823. 
Glod BK, Piszcz P, Czajka K, Zarzyeki PK (2011). A new total 
antioxidant potential measurements using RP-HPLC assay with 
fluorescence detection: J. Chromatogr. Sci., 49: 401-404. 
Hussein MA (2011). A convenient mechanism for the free radical 
scavenging activity of Resveratrol. Int. J. Phytomed., 3:459-469. 
Jacobson E, Hove E, Emery H (1995). Antioxidant Function of Melanin 
in Black Fungi. Amer. Infec. Immun., 63 (12): 4944  -4945. 
Jaita P, Sourav G, Khandakar AT, Krishnendu A (2010). In vitro free 
radical scavenging activity of wild edible mushroom, Pleurotus 
squarrosulus (Mont.) Singer. Indian J. Exp.  Biol., 47: 1210-1218. 
Lavitschka JR, Oliveira RC, Mascara D, Faria AP, Bincoletto C, 
Esposito E (2007). In vitro cytotoxicity and antioxidant activity of 
Agaricus subrufescens extracts. Afr. J. Biotechnol., 6 (9): 1144-1150. 
Lipinsk B (2011). A review on Hydroxyl Radical and its scavengers in 
Health and Disease. Ox. Med. Cell. Longev. 2011: 9 pages   
Maisuthisakul  P, Suttajit M, Pongsawatmanit R ( 2007). Assessment of 
phenolic content and free radical-scavenging capacity of some Thai 
indigenous plants. Food Chem., 100: 1409 – 1418. 
Mandal S, Hazra B, Sark R,  Biswas S, Mandal N (2009). Hemidesmus 
indicus an age-old plant: study of its in vitro antioxidant and free 
radical scavenging potentials.  Pharmacologyonline, 1: 604 – 617 
Molyneux P (2004). The use of stable free radical diphenylpicrylhydrazyl 
(DPPH) for estimating antioxidant activity. Songklanakarin J. Sci 
Technol., 26 (2): 211 – 219. 
Nagata R, Yamashita I (1992). Simple method for simultaneous 
determination of chlorophyll and carotenoids in tomato fruit: Nippon 
Shokuhin Kogyo Gakkaish. 39(10): 925–928. 
Olabinri BM, Eniyansoro OO, Okorunkwo CO, Olabinri PF, Olaleye MT 
(2010). Evaluation of chelating ability of aqueous extract of 
Teracarpidium conophorum (African Walnut) in vitro. Int. J. Appl. Res. 
Nat. Prod., 3(3): 13-18. 
Owen RW, Giacosa WE, Hull R, Haubner B, Spiegelhader, Bartsch H 
(2000). Antioxidant/anticancer potential of phenolic compounds 
isolated from olive oil, Eur. J. Food Microbiol., 69: 11-24. 
Pandey KB, Rizui ST (2009). Plant polyphenols as dietary antioxidant in 
human health and disease. Ox. Med. Cell. longev. 2(5): 270 – 278. 
Pitchaon M, Maitree S, Rungnaphar P (2007). Assessment of phenolic 
content and free radical-scavenging capacity of some Thai 
indigenous plants: Food Chem., 100: 1409-1418. 
Power MW, Pawel P,  Bronislaw  KG (2012). A fast and simple method 
for the measurement of total Antioxidant potential and a fingerprint of 
antioxidant. J. Chromatogr. Sci., 50: 909-913. 
Ramakrishna H, Murthy SS, Divya  R, Mamatharani DR, Murth GP 
(2012). Hydroxyl radical and DPPH scavenging activity of crude 
protein extract of Leucas linifola: Afolk medicinal plant. Asian J. Plant. 
Sci. Res., 2 (1): 30-35. 
Ramesh C, Pattar MG (2010). Antimicrobial properties, antioxidant 
activity and bioactive compounds from six wild edible mushrooms of 
western ghats of Karnataka. India. Pharmaco. Res., 2:107-12. 
Masalu R, Matengo KH, Malendeja S (2011). Free radical Scavenging 
activity of some fungi indigenous to Tanzania. Tanzan. J. Health. 
Res., 14(1): 1-8.  
Singleton VL, Orthofer R, Lamuela-Raventós R (1999). Analysis of total 
phenols and other oxidation substrates and antioxidants by means of 
Folin-Cicalteu reagent. Meth. Enzymol. 299: 152-178 
Smith D, Matthew J, Ryan (2009)  Fungal   sources    for  new   drug 






Strader C, Pearce C, Oberlies N (2011). Fingolimod (FTY720): A 
Recently Approved Multiple Sclerosis Drug Based on a Fungal 
Secondary Metabolite. J. Nat. Prod., 74 (4): 900-907. 
Swaran JSF (2009). Structural, Chemical and biological aspects of 
antioxidant for strategies against metal and metalloid exposure. Ox. 
Med. Cell longev. 2(4): 191-206. 
Toyoyz RM, Briones AM (2011). Reactive oxygen species and vascular 
biology: Implication in human hypertension. Hypertension Res. 34(1): 
5-14. 
Živković J, Zeković Z, Mujić I, Vidović S, Cvetković D, Lepojević Z, 
Nikolić G, Trutić N (2010). Scavenging Capacity of Superoxide 
Radical and Screening of Antimicrobial Activity of Castanea sativa 
Mill. Extracts. Czech J. food Sci., 28 (1): 61-68. 
 
 
 
 
